High proper motion stars probe several extreme stellar populations, including nearby objects, Galactic halo stars, and hyper-velocity stars. Extending the search for high proper motion stars, to faint limits can increase their numbers and help to identify interesting targets. We conduct a search for faint (r SDSS > 19.5 mag) high proper motion stars ( > ∼ 200 mas yr −1 ) by comparing the Sloan Digital Sky Survey (SDSS) -Data Release (DR) 10 catalog to the Pan-STARRS1-DR1 stacked image catalog. Our main selection criterion is stars that moved > 1.
INTRODUCTION
High proper motion stars probe several stellar populations. They signal out candidates for nearby objects; probe halo stars and allow us to estimate the halo age using white dwarfs (WD; e.g., Kilic et al. 2017) ; estimate the galactic escape velocity and gravitational potential (e.g., Gnedin et al. 2005; Yu & Madau 2007 , Gnedin et al. 2010 Rossi et al. 2017; Fragione & Loeb 2017) ; and discover high-velocity stars, which are presumably formed in three body interactions with the Galactic center black hole (e.g., Brown 2015) ; as well as identify inter Galactic interlopers (e.g., Erkal et al. 2018; Marchetti, Rossi & Brown 2018) . In addition, the nearest isolated neutron star may hide among faint high proper motion stars (e.g., Ofek 2009 ). Furthermore, a recent search suggests that some highvelocity stars have unusual spectra (Shen et al. 2018) .
The recent GAIA-DR2 release (Gaia Collaboration et al. 2016b; Gaia Collaboration et al. 2018 ) presents proper motion and parallax fits for about 1.3 billion sources. The GAIA-DR2 catalog still suffers from a high fraction of missing high proper motion stars. This is expected to be improved as more epochs will become available. Tian et al. (2017) presented a proper motion catalog of about 3.5 × 10 8 stars based on merging the GAIA-DR1 (Gaia Collaboration et al. 2016a), Pan-STARRS1-DR1 (Chambers et al. 2016) , SDSS catalog (York et al. 2000) , and the 2MASS catalog (Cutri, et al. 2003) . Their search is limited to sources that moved up to 1.
′′ 5 between the SDSS and PS1 epochs (typically < ∼ 0.2 mas yr −1 ).
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Here we present a search for faint (r-band mag > 19.5) high proper motion objects that moved > 1.
′′ 5 and < 7 ′′ between the SDSS and PS1 epochs. Our search is not designed to be complete, and its main purpose is to generate a list of interesting targets for follow-up observations. This source-list may be important for searches of high-velocity stars, cool objects and cool stellar remnants.
In §2 we present the search criteria and methodology. In §3 we list the candidates and in §4 we discuss the results.
SEARCH FOR PROPER MOTION STARS
We used the catsHTM tool (Soumagnac & Ofek 2018) to query the SDSS-DR10 (Ahn et al. 2014 ), PS1-DR1 (Chambers et al. 2016; Magnier et al. 2016a; 2016c), and GAIA-DR2 (Gaia Collaboration et al. 2016b; Gaia Collaboration et al. 2018) catalogs. We selected SDSS sources that are of type=6 (unresolved); whose angular velocities, as measured in a single SDSS image, are smaller than three times the uncertainty in their velocities (i.e., not an asteroid); and that have rSDSS > 19.5 mag. For each such source, we searched for PS1-DR1 (Chambers et al. 2016; Magnier et al. 2016a; 2016c) sources in its neighborhood. We selected SDSS sources that do not have counterparts in the PS1 stackedimage catalog within 1.
′′ 5. The PS1 stacked-image catalog has the advantage of beeing deeper than single epoch PS1 images. However, due to the several years baseline of the PS1 survey, in many cases proper motion stars are elongated in the stacked image and c 0000 RAS their positional uncertainty is larger than the typical astrometric errors in the catalog.
Next, we searched for PS1 sources around the SDSS source, and selected cases in which there is exactly one PS1 source within 7 ′′ from the SDSS source. We also checked that this PS1 source does not have an SDSS counterpart, within 1.5
′′ . Although, this may reject some high proper motion stars (especially at low Galactic latitudes), this step removes a large number of errors and cases of confusion that are hard to verify using only two epochs. Next, we checked that the SDSS X-band magnitude is brighter than 21.7 magnitude and that the PS1 X-band magnitude is brighter than 22.1 mag. Here, X-band is either g-, r-, or i-band and we demanded that this criterion is fulfilled for at least one band. We further selected stars for which the best SDSS magnitude error in one of the five SDSS bands is smaller than 0.12 mag, and the second best magnitude error is smaller than 0.2 mag. These somewhat arbitrary cuts were very useful in removing large number of problems including spurious sources (e.g., background fluctuations that looks like stars) and image artifacts.
Following this, we selected all SDSS and PS1 sources within 200 ′′ of the candidate position, we matched them by coordinates and calculated the mean offset in right ascension (R.A.) and declination (Dec.) between the two matched lists. If the absolute value of local offset in R.A. was smaller than 0.
′′ 5, and the absolute value of local offset in Dec. was smaller than 0.
′′ 5, we proceeded; otherwise, we rejected the candidate. This step rejected a large number of false candidates due to bad astrometry.
Next we checked that the |XSDSS − XPS1| magnitude difference, is smaller than 0.4 mag in at least one of the bands, where X is either g, r, or i-bands. Finally, we removed sources which have another SDSS source brighter than r-band 16 magnitude within 20 ′′ , or brighter than r-band 13.5 magnitude within 50
′′ . This step rejected large number of fake sources that are found near diffraction spikes and saturated stars.
This selection process yielded 4486 initial candidates for high proper-motion stars. We inspected by eye the SDSS and PS1 images of all the candidates. Sometime, when more than one SDSS image was available, we inspected multiple SDSS images. This inspection revealed many false candidates. The most common problems were due to faint sources that were not identified in one of the images, or sources that are likely due to noise, diffraction spikes and saturated stars, features on top of extended sources, like galaxies and nebulae, that were misidentified as stars, bad astrometry, and transients. All the steps in this search were conducted using tools available as part of the MATLAB Astronomy & Astrophysics Toolbox 1 (Ofek 2014) . After this selection process, we were left with 2923 good candidates for high proper motion stars.
THE HIGH PROPER MOTION CANDIDATES
Our search yielded 2923 high proper motion candidates, listed in Table 1 . We cross-matched these sources with the GAIA-DR2 catalog. Of these 2923, 826 stars do not have proper motion measurements in the GAIA-DR2 catalog, and 565 are not listed in the GAIA-DR2 catalog. 644 stars in this list have SDSS spectra, and their spectral type information is listed in Table 1 . motion vs. the GAIA proper motion, in Right Ascension (α) and Declination (δ), respectively. There is good agreement between the proper motion measurements. Assuming that the GAIA measurement errors are much smaller than our uncertainties (see justification below), these figures also allow us to estimate the uncertainty in our measurements. We find that for the proper motion in rightascension (declination), there is a small bias of about 1 (6) mas yr
between the SDSS-PS1 and GAIA measurements, and that the scatter is 19 (17) mas yr −1 . This scatter is dominated by a few outliers, and the robust scatter 2 is about 10 mas yr −1 . These estimates are consistent with the expected uncertainty. Specifically, the typical astrometric uncertanty in the PS1 and SDSS images is of the order of 50-100 mas. Adding in quadrature and dividing by the typical time baseline between the two surveys gives expected errors of the order of 10 mas yr −1 . Note that the errors in astrometry can likely be improved by redoing the astrometry of the PS1 and SDSS images using the GAIA catalog (e.g., Tian et al. 2017 Additional columns available in the electronic version are the PS1 gri magnitudes, a flag indicating if a common proper motion star was detected in the images, number of GAIA matches, GAIA proper motion and parallax, SDSS spectroscopic classification and properties. 
DISCUSSION
We present a non-complete search for faint high proper motion stars from the SDSS and PS1 catalogs. Our search yielded 2923 high proper motion candidates listed in Table 1 , of which 826 stars do not have proper motion measurements in the GAIA-DR2 catalog. This is the largest list of high proper motion stars below the USNO-B1.0 (Monet et al. 2003) and GAIA magnitude limits. Figure 4 shows the SDSS g−r vs. r−i colors of these sources. Red points represent sources with a reduced proper motion of a H < 24 mag, while black points have H ≥ 24ṁag. Here, the reduced proper motion is defined as H = m + 5 log 10 (µ) + 5 = M + 5 log 10 V − 3.379,
where M is the absolute magnitude, µ is the total proper motion in arcseconds per year, and V is the transverse velocity in km s −1 . The blue line represents the expected color of a black body source, assuming no reddening. In this plot, hot stars, with an effective temperature above 4000 K, are presumably white dwarfs, while the vertical clump is likely populated by M dwarfs and brown dwarfs. There are many sources (mainly black points; i.e., H ≥ 24) that are not located on the black-line. These are sources whose magnitude in one of the bands is below the detection limit and, therefore, one of the colors is unreliable. There are many sources (mainly black points) that are not located on the black-line. These are sources whose magnitude in one of the bands is below the detection limit and, therefore, one of the colors is unreliable. is about 11 deg). These plots suggest that the proper motion component of faint high proper motion stars are not random and show some structure. Figure 9 presents a quiver map of proper motion, where arrows indicate mean proper motion direction and amplitude, for each trixel in the hierarchical triangular mesh. An interesting question is what fraction of these new high proper motion stars are high velocity stars, or nearby objects. This question cannot be answered directly. However, we can get an estimated answer by inspecting the ≈ 2000 stars in our sample for which GAIA parallaxes are available. Figure 10 presents, for each star in this subset, the parallax vs. the measured proper motion. The differences between the GAIA proper motion measurements and our SDSS/PS1-based measurements are indicated by the vertical lines. The grey curves show lines of equal sky-projected velocities. Presumably most of these faint high proper motion stars are relatively nearby ( < ∼ 1 kpc) stars. However, about 30 stars (11 with negative parallaxes and hence are not shown in the plot), have nominal projected velocities consistent with being above 1000 km s −1 . However, the median error in GAIA parallax is about 0.5 mas, and we cannot rule out that most of the these high velocities are due to errors. Therefore, we estimate that up to about 2% of the stars in our sample may have projected velocities above about 1000 km s −1 . To summarize, our new list of faint proper motion stars contains candidates for hyper velocity stars, halo stars, cool stars, and nearby objects. This list provide an order of magnitude increase in the number of known high proper motion stars fainter than r-band magnitude ≈ 20.5. 
